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A COMPARATIVE STUDY OF THE FREE AMINO ACID AND 
PROTEIN AMINO ACID COMPOSITION OF.THREE 
SPECIES OF THE CESTODE GENUS 
CORALLOBOTHRIUM
CHAPTER I  
INTRODUCTION-
C onsiderab le  use has been made o f  pap er p a r t i t i o n  chrom atography 
in  th e  in v e s t ig a t io n  o f  problem s in  sy s te m a tic s . In  some cases  i t  has 
seemed to  show a c lo se  p a r a l le l is m  between le v e ls  o f  taxonomic a f f i n i t y  
a s  re v e a le d  by m orphological and o th e r  c r i t e r i a  and o f  b iochem ical s im i­
l a r i t y  as  rev e a le d  by amino a c id  chrom atographic p a t te r n s ,
Micks and E l l i s  (1951) re p o r te d  th e  same e ig h teen  f r e e  amino a c id s  
from each o f seven sp e c ie s  o f  m osquitoes in v e s t ig a te d .  They d id  however 
f in d  q u a n t i ta t iv e  d if fe re n c e s  in  f r e e  amino a c id s  o f th e se  v a r io u s  spe­
c ie s  as  judged from r e l a t i v e  d e n s i t ie s  on one-d im ensional chromatograms 
p rep ared  from measured amounts o f e x t r a c t s .  In te rg e n e r ic  d is t in c t io n s  
were much more pronounced th an  in t r a g e n e r ic  ones, and th e  p a t te r n s  o f 
two su b sp ec ies  were s t r ik i n g ly  s im i la r .  B u zza ti-T rav erso  (1953) found 
th a t  f lu o re s c e n t  and n in h y d r in -p o s i t iv e  p a t te r n s  produced by id e n t ic a l  
t i s s u e s  tak en  from v a rio u s  specim ens o f  th e  same sp e c ie s  o f  f i s h  were 
rem arkably  c o n s ta n t, th a t  p a t te r n s  o b ta in ed  from muscle t i s s u e  o f
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d i f f e r e n t  sp e c ie s  showed c o n s ta n t and e a s i ly  re co g n izab le  d i f f e r e n c e s ,  
and th a t  th e  c lo s e r  th e  taxonom ic p o s it io n  o f  th e  sp ec ie s  th e  g r e a te r  
th e  s im i l a r i t y  o f t h e i r  chrom atographic p a t te r n s .  He suggested  t h a t  t h i s  
te ch n iq u e  cou ld  be used to  d is t in g u is h  s to ck s  o f  th e  same sp e c ie s  belong­
in g  to  p o p u la tio n s  g e o g ra p h ic a lly  se p a ra te d .
S ince th e  p u b lic a t io n  o f  th e  re fe re n c e s  c i te d  above, many p ap ers  
concerned w ith  th e  use o f  pap er chrom atographic te ch n iq u es  in  taxonom ic 
s tu d ie s  o f  d iv e rs e  organism s have appeared . These te ch n iq u es  have proved, 
to  be o f  v a lu e , n o t  o n ly  in  showing c lo se  r e la t io n s h ip s  between g roups, 
b u t a ls o  i n  showing b io chem ical d if fe re n c e s  between m o rp h o lo g ica lly  very  
s im i la r  g ro u p s . Paper chrom atographic te ch n iq u es  have been used in  ta x ­
onomic s tu d ie s  o f b a c te r ia ,  p ro to zo a , echinoderm s, s n a i l s ,  i n s e c t s ,  f i s h ­
e s ,  and mammals; a  com prehensive rev iew  o f th e  use o f  th e s e  te c h n iq u e s  in  
sy s te m a tic s  has been made by B uzza ti-T rav erso  (I9 6 0 ).
Three te c h n iq u e s  have g e n e ra l ly  been u sed . One in v o lv es  th e  se p a ra ­
t io n  o f  f r e e  amino a c id s ,  p r o te in  amino a c id s ,  o r b o th . The amino a c id s  
a re  th e n  i d e n t i f i e d  o r  th e  n in h y d r in -p o s i t iv e  p a t te rn s  no ted  w ith o u t 
s p e c if ic  i d e n t i f i c a t i o n  o f  th e  a c id s ; th e  l a t t e r  te ch n iq u e  may be q u a n ti­
t a t i v e .  A second p u re ly  q u a l i t a t iv e  te ch n iq u e  in v o lv es  chrom atographing 
m a te r ia l  mashed from th e  t i s s u e  o r whole organism  d i r e c t ly  upon th e  f i l ­
t e r  pap er o r  chrom atographing a crude e x t r a c t  from th e  t i s s u e  o r th e  
whole o rganism . A t h i r d  te ch n iq u e  invo lves  th e  se p a ra tio n  o f th e  amino 
a c id s  from  a g iven  q u a n t i ty  o f  t i s s u e  e x t ra c t  and d e te rm in a tio n  o f  th e  
r e l a t i v e  amounts o f  amino a c id s  by d e n s ito m e tric  read in g s  o f  th e  s p o ts .
Taxonomic problem s o f  ce s to d e s  have n o t been d i r e c t l y  in v e s t ig a te d  
w ith  pap er chrom atographic te c h n iq u e s . S ev era l amino a c id s  have been
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i d e n t i f i e d  in  cesto d e  t i s s u e  as  a  r e s u l t  o f th e  i n t e r e s t  in  p ro te in  
m etabolism  o f th e  organism s. Kent (1947) re p o r te d  th e  p resence  o f  te n  
o r  more amino a c id s  in  one o f th e  p ro te in - b i le  complexes o f M oniezia 
expans a . Of th e se  te n ,  e ig h t  were id e n t i f i e d  by paper chrom atography 
to  be a s p a r t ic  a c id ,  g lu tam ic a c id ,  v a l in e ,  s e r in e ,  a la n in e , le u c in e , 
h i s t i d in e ,  and a rg in in e .  L a te r  Kent (1948) confirm ed th e  p resence  o f 
g ly c in e . Campbell (I960) re p o r te d  th e  fo llo w in g  amino a c id s  from p ro ­
t e i n  h y d ro ly sa te s  o f M. expansa; a lp h a -a la n in e , a rg in in e , a s p a r t i c  a c id , 
c y s te in e /c y s t in e ,  g lu tam ic  a c id ,  g ly c in e , h i s t i d in e ,  le u c in e / is o le u c in e ,  
ly s in e ,  m e th ion ine, o rn i th in e ,  p h en y la lan in e , p ro l in e ,  s e r in e ,  ta u r in e ,  
th re o n in e , try p to p h an , ty r o s in e ,  v a lin e  and th e  p robab le  p resence  o f 
c i t r u l l i n e .  In  a d d itio n  to  th e  amino a c id s  l i s t e d ,  Campbell found b e ta -  
a la n in e , gamma-aminobutyric a c id  and b e ta -am in o iso b u ty ric  a c id  in  th e  
f r e e  amino a c id  e x t r a c ts  o f  th e  p a r a s i t e ;  f r e e  tryp tophan  was n o t found. 
S ev era l in v e s t ig a to r s  have examined th e  amino a c id  com position o f  Hymen-  
o le p is  d im in u ta . A ld rich  e t  a l .  (1953) id e n t i f i e d  e ig h teen  amino a c id s  
and r e la te d  substan ces  in  th e  f r e e  amino ac id  e x t r a c ts  o f t h i s  p a r a s i t e .  
They a re  a la n in e , a rg in in e ,  a s p a r t i c  a c id , c i t r u l l i n e ,  ethanolam ine phos­
p h o ric  a c id , g lu tam ic a c id , g lu tam in e , g lu ta th io n e , g ly c in e , is o le u c in e ,  
le u c in e ,  ly s in e ,  p h e n ly a la n in e , p ro l in e ,  s e r in e ,  ta u r in e ,  ty ro s in e ,  and 
v a l in e .  Goodchild and W ells (1957) re p o rte d  th e se  same amino a c id s  in  
whole worm h y d ro ly sa te s  o f  a d u l t  and la r v a l  s ta g e s  o f H. d im inu ta w ith  
th e  ex cep tio n s  o f c i t r u l l i n e ,  ethanolam ine phosphoric a c id , g lu tam ine , 
g lu ta th io n e ,  and ta u r in e .  In  a d d i tio n  to  th e  amino a c id s  re p o r te d  by 
A ld rich  e t  a l . ,  th e y  re p o r te d  c y s t in e ,  c y s te in e , h i s t i d in e ,  hydroxypro- 
l i n e ,  m eth ion ine , th re o n in e , and try p to p h an . Kent (1957) id e n t i f i e d
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a la n in e , a rg in in e , g lu tam ic  a c id ,  g ly c in e , h i s t i d in e ,  le u c in e , m eth i­
o n ine , s e r in e ,  ty ro s in e ,  and v a l in e  in  fo u r  o f th e  p ro te in  complexes o f
H. d im in u ta . Except f o r  th e  absence o f  c i t r u l l i n e ,  Campbell (I960) 
found id e n t ic a l  amino a c id s  p re s e n t in  th e  p ro te in  h y d ro ly sa tes  o f 
Thysanosoma a c t in io id e s  and M. expansa. Gamma-aminobutyric a c id ,  a r ­
g in in e , c i t r u l l i n e ,  and p h en y la lan in e  were n o t id e n t i f i e d  from th e  f r e e  
amino e x t r a c t  o f T. a c t in io id e s . Campbell a lso  found id e n t ic a l  amino 
a c id s  p re s e n t in  th e  p ro te in  h y d ro ly sa te s  o f T. a c t in io id e s  and C it-  
to ta e n ia  p e rp le x a . He found th a t  th e  f r e e  amino ac id  e x t ra c t  o f  Ç. 
p e rp lex a  d if f e r e d  from th a t  o f M. expansa in  th a t  i t  d id  n o t co n ta in  
a rg in in e , o rn i th in e ,  p h e n y la la n in e , ta u r in e ,  o r  ty ro s in e .  F o s te r  and 
D augherty (1959) re p o r te d  th e  fo llo w in g  f r e e  amino ac id s  and c lo s e ly  
r e la te d  compounds from R a l l i e t in a  c e s t i c i l l u s ; a lp h a -a la n in e , a s p a r t ic  
a c id ,  c i t r u l l i n e  ^ d / o r  g lu tam in e , g lu tam ic a c id , g lu ta th io n e , g ly c in e , 
m e th io n in e -leu c in e  complex, p r o l in e ,  s e r in e ,  ta u r in e ,  th re o n in e , ty ro s in e ,  
and v a l in e .  H ydro lysates  o f  t h i s  organism  con ta ined  a l l  o f th e  amino 
a c id s  found in  th e  f r e e  amino a c id  e x t ra c t  except fo r  ta u r in e ,  c i t r u l l i n e  
a n d /o r g lu tam ine, g lu ta th io n e ,  and rev ea led  in  a d d itio n  a rg in in e , ly s in e ,  
and se v e ra l u n id e n tif ie d  compounds.
The p re se n t s tudy  was undertaken  to  determ ine i f  q u a l i ta t iv e  paper 
chrom atographic d e te rm in a tio n s  o f  f r e e  amino a c id s  and p ro te in  amino 
a c id s  could serve  as  a  b a s is  f o r  d i f f e r e n t ia t io n  between c lo se ly  r e la te d  
sp ec ie s  o f a  genus o f  tapeworm s. The organism s s e le c te d  f o r  th e  study  
belong to  th e  genus C orallobo th rium  F r i ts c h  1886 and a re  p a r a s i t e s  in  th e  
sm all in t e s t i n e  o f P y lo d ic tu s  o l i v a r i s . th e  f la th e a d  c a t f i s h ;  I c ta lu r u s  
l a c u s t r i s  p u n c ta tu s . th e  so u th e rn  channel c a t f i s h ;  and I c ta lu ru s  f u r c a tu s .
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th e  b lu e  c a t f i s h .  The subgenus G. M egathylacoides was e s ta b l is h e d  by 
Jones e t  a J .  (1956) fo r  th o s e  members o f th e  genus .d is tin g u ish e d  by 
sp h in c te re d  su ck e rs , "The s p h in c te r  c o n s is t in g  o f  a  ro b u s t m uscle p a r t ly  
e n c ir c l in g  th e  o r i f i c e  o f each su ck e r, th e  sp h in c te r  being com pleted by 
a tendon o r f ila m e n t connec ting  th e  ends o f th e  m uscle." The th r e e  spe­
c ie s  in v e s t ig a te d  w ere: C orallobo th rium  (M egathylacoides) giganteum
Essex 1927, G. (M. ) procerum Jo n es , K erley  and Sneed 1956, and G. f im b ri­
atum Essex 1927. T his complex has a ffo rd ed  me e x c e lle n t o p p o rtu n ity  to  
t e s t  th e  u se fu ln e s s  o f q u a l i t a t iv e  amino a c id  an a ly se s  in  v a l id a t in g  
complex taxonomic a f f i n i t i e s .
CHAPTER I I  
MATERIALS AND METHODS
Worms were removed from th e  in t e s t i n e ,  a l l  m o tile  specimens r in s e d  
f r e e  o f d e b r is ,  and p laced  in  T y rode 's  s o lu t io n ;  a l l  nonm otile worms were 
d isc a rd e d . In  o rd e r  th a t  th e  sp e c ie s  could  be m orpho log ica lly  determ ined , 
th e  sco lex  and two o r th re e  s e x u a lly  m ature p r o g lo t t id s  were removed from 
each worm and p rep a red  fo r  m icroscopic s tu d y . I d e n t i f ic a t io n  as to  spe­
c ie s  was based  on taxonomic c h a ra c te rs  used by Essex (192?) and Jones 
e t  a l . (1956) .  The rem ainder o f each worm was r in s e d  in  th re e  changes 
o f d i s t i l l e d  w a te r , b lo t te d ,  and wrapped in  aluminum f o i l  o r p laced  in  a 
v i a l .  The sam ples were e i th e r  q u ic k -fro z en  and s to re d  a t  -20° C or p laced  
d i r e c t ly  in  a  -20° C f r e e z e r .
Free amino a c id  e x t r a c ts  were p repared  from  pooled worms of a sp e c ie s  
accord ing  to  th e  method o f Awapara (194-8), a method th a t  p e rm its  recovery  
o f n in e ty  p e r  c e n t o f  th e  amino a c id s  p re s e n t .  The e x tra c ts  were s to re d  
a t  -20° C.
P ro te in  amino a c id s  were p repared  from th e  p ro te in aceo u s  re s id u e  
from th e  f r e e  amino a c id  p re p a ra t io n s .  The re s id u e  was d rie d  in  vacuo 
over s u l f u r ic  a c id  and re f lu x e d  f o r  24- hours a t  120° G in  100 volumes of 
p e ro x id e -f re e  6 N h y d ro ch lo ric  a c id  p rep ared  acco rd in g  to  Ingram and 
S a lto n  (1957) .  The h y d ro ly sa te  was f i l t e r e d  f r e e  o f humin, d ec o lo riz e d
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w ith  c h a rc o a l (Darco, Eastman) and re p e a te d ly  evaporated  to  d ry n ess  over 
steam  to  remove th e  h y t^ o c h lo r ic  a c id .  The re s id u e  from th e  f i n a l  evapo­
r a t io n  was ta k en  up in  10$ iso p ro p y l a lc o h o l. A lkaline  h y d ro ly ses  fo r  
try p to p h an  were conducted by r e f lu x in g  th e  p ro te in  re s id u e s  f o r  tw enty 
hours a t  120° 0 in  100 volumes o f  0 .38  N barium  hydroxide. Barium ion 
was removed from  th e  h y d ro ly sa te s  by n e u t r a l iz a t io n  w ith  2 N s u l f u r ic  
a c id .  A f te r  f i l t e r i n g  o f f  th e  barium  s u l f a t e ,  th e  h y d ro ly sa te s  were 
evapo ra ted  to  d ryness and th e  re s id u e s  tak en  up in  10$ iso p ro p y l a lco h o l 
to  g iv e  app rox im ate ly  one mg. n itro g e n  p e r  m l. o f s o lu tio n . The a lc o h o lic  
s o lu tio n s  were chrom atographed.
A m o d if ic a tio n  o f  th e  ascend ing  tw o-dim ensional paper chromatography 
method o f  W illiam s and K irby (1948) was en^loyed f o r  th e  a n a ly s is  o f  th e  
f r e e  amino a c id s  and th e  p ro te in  amino a c id s .  Eleven and o n e -fo u r th  inch  
squares o f  Whatman No. 1 chrom atography paper were used. The o r ig in  spot 
was always p la ced  in  th e  low er r i g h t  hand c o m e r o f th e  paper so th a t  th e  
low er and r i g h t  edges o f  i t s  c ircum ference were one and o n e -fo u r th  inches 
from th e  low er and r ig h t  edges o f  th e  p ap e r. The f i r s t  s o lv e n t was always 
run  in  th e  machine d i r e c t io n  o f  th e  p ap er.
The f i r s t  d im ensional so lv e n t was s e c -b u ty l a lco h o l;fo rm ic  a c id : 
w ater in  th e  r a t i o  o f  75 :15:10  v /v  (Hausmann 1952). Repeated development 
in  th e  f i r s t  so lv e n t in c re a se d  th e  degree o f  s e p a ra tio n  o f  most o f  th e  
amino a c id s .  Chromatograms developed in  th e  f i r s t  so lv en t were allow ed 
to  d ry  in  a i r  o v e rn ig h t, th en  p la ced  in  a  f o r c e d - a i r  d ry ing  oven a t  60° C 
f o r  f i f t e e n  m inu tes , fo llow ed  by f o r c e d - a i r  on ly  f o r  10 m in u tes . Develop­
ment and d ry in g  were then  re p e a te d .
Two d i f f e r e n t  so lv e n t system s were used f o r  th e  development in  the
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second dim ension. As shown in  F igu re  1 amino a c id s  which moved to  th e  
upper h a l f  o f  th e  chromatogram in  th e  f i r s t  so lv e n t were w ell se p a ra te d  
in  th e  second dim ension by n -b u ty l a lc o h o l:a c e t ic  ac id rw a te r  in  th e  r a t i o  
o f  4 :1 :5  v /v  (P a r tr id g e  1948). Two l i q u id  phases form in  t h i s  s o lv e n t :  
a  bottom  la y e r  o f b u ta n o l- s a tu ra te d  w a te r, which was used to  s a tu r a te  
th e  atm osphere o f th e  chrom atography chamber; a to p  la y e r  o f w a te r-  
s a tu ra te d  b u ta n o l, which was used as th e  developing  so lv e n t. Phenol was 
used as  th e  o th e r  second d im ensional so lv e n t f o r  th e  se p a ra tio n  o f  th o se  
amino a c id s  which rem ained on th e  low er h a l f  o f  th e  chromatogram develop­
ed in  th e  f i r s t  so lv e n t (F ig u re  2 ) .  I t  was p repared  by mixing e ig h t  v o l­
umes o f m e lted , r e d i s t i l l e d  phenol c r y s ta l s  (Baker Analyzed Reagent o r 
M a llin ck ro d t, AR) w ith  two volumes d i s t i l l e d  w ater to  g ive  80^ (v /v ) 
pheno l. Removal o f th e  second so lv e n ts  was much l i k e  th e  removal o f  th e  
f i r s t  s o lv e n t ,  except th a t  p h en o l-ru n  papers  were d r ie d  in  th e  fo rc e d  a i r  
f o r  on ly  f i f t e e n  m inu tes. F u r th e r  removal o f phenol was accom plished by 
washing th e  papers in  a  m ix tu re  o f  equal p a r ts  o f  acetone and pe tro leum  
e th e r  (Block e t  a l .  1958).
The a n a ly s is  fo r  th e  amino a c id s  was accom plished by a  s e r ie s  o f 
t'oree chromatograms, one s p o tte d  w ith  th e  s tan d ard  amino a c id  s o lu tio n  
o n ly , one w ith  th e  s tan d a rd  p lu s  th e  unknown s o lu tio n , and one w ith  th e  
unknown s o lu tio n  on ly . The c h a ra c te r iz a t io n  o f  th e  m ig ra tion  o f each 
amino a c id  in  th e  th re e  so lv e n t system s .employed was determ ined by com­
p a rin g  th e  corresponding  sp o ts  a f t e r  d e te c tio n  w ith  n in h y d rin .
A f o r ty  u n it  s e t  o f  0.01 M s tan d a rd  so lu tio n s  ( in  10^ iso p ro p y l a l ­
cohol) o f amino a c id s  and s l i g h t l y  m odified  d e r iv a tiv e s  (Shandon S cien ­
t i f i c  C o.) was used in  de term in ing  th e  behav ior o f  th e  amino a c id s  in
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th e  so lv e n t system s u sed . va lues o f th e  amino ac id s  proved to  be 
q u ite  v a r ia b le ;  co n seq u en tly  s p e c ia l  a t te n t io n  was given to  th e  r e l a t i v e  
p o s it io n  o f  each s p o t, to  th e  a d jacen t s p o ts ,  and to  th e  p o s i t io n  o f  th e  
spo t on th e  chromatogram as a whole. M odified n in h y d rin  (Levy and Chung, 
1953) was employed as th e  p r in c ip a l  d e te c tio n  a g e n t. In  c e r t a in  in s ta n c e s  
p la in  n in h y d rin  was u sed . S p e c ific  amino a c id  d e te c tio n  re a g e n ts  recom­
mended by B erry  e t  a l.  (1951), Block e t  a l .  (1958), and Cramer (1955) 
were used to  confirm  id e n t i f i c a t i o n  o f c e r t a in  o f th e  amino a c id s  and 
m odified  d e r iv a t iv e s .  M ethionine, m eth ionine su lfo x id e , and c y s t in e -  
c y s te in e  were confirm ed by u sing  th e  p la t i n i c  io d id e  re a g e n t. I s a t i n  was 
used to  c o n firm /^ -p h e n y la la n in e , m eth ion ine, try p to p h an , ty ro s in e ,  
f-am in o b u ty ric  a c id , p r o l in e ,  h y d ro x y p ro l in e ,^ -a la n in e ,  and o rn i th in e .  
T yrosine was f u r th e r  confirm ed w ith  c r - n i t r o s o - / ’-n ap h th o l. E h r l ic h 's  
reag e n t was used to  confirm  try p to p h an , c i t r u l l i n e ,  and m eth ionine s u l -  
■ fo n e . P ro l in e ,  h y d ro x y p ro lin e , ta u r in e ,  o r n i th in e ,  and s a rc o s in e  were 
confirm ed w ith  v a n i l l i n .  A d d itio n a l co n firm a tio n  of s e v e ra l amino a c id s  
o b ta in ed  from p o s i t io n a l  r e la t io n s h ip s  on th e  chromatograms a f t e r  use o f 
a  s p e c if ic  d e te c tio n  re a g e n t by d ipp ing  th e  d r ie d  t r e a te d  chromatogram 
in  th e  n in h y d r in - c o l l id in e ,  a c e t ic  a c id  r e a g e n t.  This procedure i s  of 
no va lu e  when v a n i l l i n  o r th e  Sakaguchi re a g e n t a re  used as i n i t i a l  
d e te c tio n  re a g e n ts .  Acetone was used as  th e  so lv e n t in  most o f  th e  de­
te c t io n  re a g e n ts  because i t  does no t cause s tre a k in g  o f th e  sp o ts  as do 
some o f th e  o th e r  recommended so lv en ts  in  which th e  amino a c id s  a re  s o l­
u b le . U l t r a v io le t  was used  to  fu r th e r  id e n t i f y  hyd rox y p ro lin e , p ro l in e ,  
/^ -p h en y la lan in e , try p to p h a n , and ty ro s in e .
F ig u res  1 and 2 a re  rep ro d u c tio n s  o f chromatograms th a t  show th e
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se p a ra tio n  and th e  p o s i t io n  o f  th e  two groups o f  amino a c id s  in  th e  d i f ­
f e r e n t  second dim ension s o lv e n ts .  The chromatograms were p rep a red  by- 
s p o tt in g  f r e e  amino a c id  e x t r a c ts  and a l iq u o ts  o f  th o se  s tan d a rd s  th a t  
were known to  be ab sen t o r  p re s e n t  in  v ery  low c o n c e n tra tio n  in  th e  
e x t r a c t .  Num erical s u b d iv is io n s  o f  th e  paper co rrespond  to  one in ch  on 
th e  chromatogram. S ince th e  p o s i t io n  o f  th e  o r ig in  sp o t i s  e n t i r e ly  
w ith in  th e  f i r s t  su b d iv is io n , th e  p o s i t io n  o f th e  amino a c id  spo t does 
n o t in d ic a te  th e  t r u e  v a lu e . P r a c t i c a l ly  i d e n t i c a l  chromatograms 
can be made by s p o ttin g  p ro te in  amino a c id s  and adding  a l iq u o ts  o f th o se  
s ta n d a rd s  th a t  a re  known to  be a b se n t.
11
TABLE 1
LIST OF SHANDON AMINO ACID STANDARDS, ARRANGED NUMERICALLY TO
SERVE AS A LEGEND FOR FIGURES 1 AND 2
Spot Spot
No Amino Acid No. Amino Acid
1 OL-aminooctanoic ac id 21 G lycine
2 D iio d o ty ro s in e 22 Serine
3 Leucine ' ■ 23 Glutamic a c id
4 Is o le u c in e 24 A sp a rtic  a c id
5 /3 -pheny la lan ine 25 H ydroxyproline
6 Tryptophan 26 M ethionine su lfo x id e
7 N orvaline 27 M ethionine su lfo n e
8 V aline 28 C it r u l l in e
9 M ethionine 29 Glutamine
10 OL-aminoisobutyric ac id 30 A sparagine
11 a -am in o b u ty ric  ac id 31 H istam ine
12 /3 -am in o iso b u ty ric  ac id 32 1-M ethylhi s t id in e
13 T yrosine 33 H is tid in e
U T -am inobu ty ric  ac id 34 A rginine
15 P ro lin e 35 Lysine
16 A lanine 36 T aurine
17 0 -a la n in e - 37 O rn ith in e
18 Ethanolam ine 38 C y stin e -C y ste in e
19 S arcosine 39 Homocystine
20 Threonine 40 C ysteic  a c id
12
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CHAPTER I I I
RESULTS
The chrom atographic an a ly se s  re v e a le d  t h a t  n in e te e n  amino a c id s  a re  
common to  th e  p ro te in  f r a c t io n s  o f  a l l  th r e e  sp e c ie s  o f ces to d es  s tu d ie d . 
From tw enty-seven  to  tw e n ty -th re e  amino a c id s  were id e n t i f i e d  in  th e  f r e e  
amino a c id  e x t r a c ts ;  g lu tam ic  a c id  was t e n t a t i v e ly  id e n t i f i e d  from one 
e x t r a c t .  I t  was in  th e  n o n -p ro te in  e x t r a c ts  t h a t  s p e c if ic  d if fe re n c e s  
were n o ted . T able 2 l i s t s  th e  amino a c id s  i d e n t i f i e d  from each s p e c ie s . 
The term  PAA d e s ig n a te s  th e  p ro te in  amino a c id s ;  th e  term  FAA d e s ig n a te s  
th e  f r e e  amino a c id s .
A lpha-am ino isobu ty ric  a c id  and O t-aminobutyric a c id  a re  n o t c l e a r ly  
sep a ra te d  by th e  b u tan o l so lv e n ts  (F ig u res  1 and 2 ) .  But s in c e  th e  
chromatograms o f  th e  FAA e x t ra c ts  so c lo s e ly  d u p lic a te  th o se  o f  th e  
s ta n d a rd s , th e y  a re  bo th  re p o r te d  as being  p r e s e n t .
As can be no ted  from F igure  2 , m eth ionine su lfo n e , c i t r u l l i n e ,  and 
glutam ine a re  c lo s e ly  grouped on th e  chromatogram. In  a d d i t io n , each 
forms a p o o rly  d e lin e a te d  sp o t on chromatograms developed in  th e  second 
dim ension in  pheno l; th e s e  c h a r a c te r i s t i c s  make co n firm ato ry  i d e n t i f i c a ­
t io n  o f each o f th e  compounds d i f f i c u l t .  G lutam ine was t e n ta t i v e ly  
i d e n t i f i e d  in  f r e e  amino a c id  e x t ra c t  by co-chrom atography w ith  th e  
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G. fim bria tum  
PAA FAA
3 Leucine / / / / / /
4 Is o le u c in e / / / / / r
5 /8 -ph en y la lan in e / / / / / -
6 Tryptophan / / / . / / /
8 V aline / / / / / /
9 M ethionine / / / / / /
10 (X -am inoisobutyric - / - / - /
11 CX-aminobutyric - / - / - /
12 /S -am ino isobu ty ric - / - / - /
13 T yrosine / / / / / /
14 T -am inobutyric - / - - - -
15 P ro lin e / / / / / /
16 A lanine / / / / / /
17 /8 -a lan in e - / - / - /
18 Ethanolam ine - / - / - /
20 Threonine / / / / / /
21 G lycine / / / / A /
22 S erin e / / / / / /
23 G lutam ic a c id / / / / / /
24 A sp a rtic  a c id / / / / / /
28 C i t r u l l in e - / - / - /
29 G lutamine - /? - - - -
33 H is t id in e  . / / / / / /
34 A rg in ine / / / / / /
35 Lysine / / / / / /
36 T aurine / / / / / / ‘
37 O rn ith in e - / - / - -
38 C y s te in e /c y s tin e / / / / / /
/  amino a c id  p re s e n t 
-  amino a c id  n o t p re se n t 
? id e n t i t y  n o t confirm ed
16
th e  c o lo r  r e a c tio n  w ith  E h r l ic h 's  reag e n t and because th e  behav io r of 
th e  chrom atographed worm e x t ra c t  so c lo se ly  p a r a l l e l s  th e  behav io r of 
th e  chrom atographed s ta n d a rd . M ethionine su lfo n e  could no t be id e n t i ­
f ie d  from th e  cestode  m a te r ia l  by any of th e  above p rocedu res.
T aurine  could  n o t be id e n t i f i e d  in  th e  FAA o f Ç. fim briatum  w ith  
c e r ta in ty ,  bu t a f a i n t  in d e te rm in a te  spo t was d e te c ta b le .
C ystine and c y s te in e  a re  rep o rte d  to g e th e r  because i t  was found by 
Kent (194-7) t h a t  c y s tin e  i s  converted  to  c y s te in e  in  c e r ta in  p rocedures 
in  chrom atography.
An a ttem p t was made to  d e te c t th e  p resence  in  PAA and FAA th e  amino 
ac id s  o r amino a c id  d e r iv a tiv e s  only  when s ta n d a rd s  fo r  th e se  were a v a i l ­
a b le . When la rg e  numbers o f a l iq u o ts  o f PAA and FAA f a i l e d  to  produce 




T able 2 l i s t s  th o se  amino a c id s  found in  th e  p ro te in  h y d ro ly sa te s  o f 
Ç . (M.) g iganteum . ( ^ , )  procerum . and jQ. fim bria tum . Kent (1947,
1948) and Campbell (I960) have re p o rte d  th e  same amino a c id s  from th e  
h y d ro ly sa te s  o f M. expansa; in  a d d i tio n , Campbell re p o r te d  f in d in g  
o rn ith in e  and t e n ta t i v e ly  i d e n t i f i e d  c i t r u l l i n e .  Campbell re p o rte d  th e  
same amino a c id s  p lu s  o rn i th in e  from T. a c t in io id e s  and £ . p e rp le x a . 
G oodchild and W ells (1957) and Kent (1957) re p o r te d  h y d roxypro line , bu t 
n o t t a u r in e ,  from h y d ro ly sa te s  o f H. d im in u ta . F o s te r  and Daugherty 
( 1959) re p o r te d  a l l  th o se  amino a c id s  found in  C orallobo th rium  s p . in  
h y d ro ly sa te s  o f  R. c e s t i c i l l u s  except ^ -p h e n y la la n in e , c y s te in e /c y s t in e ,  
h i s t i d in e ,  i s o le u c in e ,  and try p to p h an .
By exam ination o f  th e se  d a ta ,  i t  i s  obvious th a t  q u a l i t a t iv e  d i f ­
fe re n c e s  in  th e  p ro te in  amino a c id s  have n o t been dem onstrated  in  th e  
sp ec ie s  C orallobo thrium  th a t  were in v e s t ig a te d .  Assuming th e  v a l id i t y  
o f  th e  s p e c ie s , i t  must be concluded th a t  t h i s  i s  n o t a f r u i t f u l  ta x o ­
nomic to o l  f o r  dem onstra ting  d if fe re n c e s  w ith in  t h i s  genus. I  w i l l  
a lso  be noted  th a t  th e re  i s  an in t ra g e n e r ic  d if fe re n c e  in  th e  p ro te in  
amino a c id  com position o f each o f th e  genera f o r  which in fo rm atio n  i s  
a v a i la b le .
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TABLE 3
FREE AMINO ACID CONTENT OF CERTAIN CESTODES
Amino Acid R.
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L eucine....................... / / / / / • / . / ' /
I s o le u c in e ................ - / / / /  . / ■ / /
/3 -p h en y la lan in e . . . - / - - / / / -
V a lin e ......................... / / / / / ' / / /
M eth ionine................ / / / / - / / /
T ry p to p h an ............... - - - - - / ■ / V  •
a-6uninobutyric . . . . - - - - - / / /
Ob-aminoi so b u ty r i c . - - - - - / • / /
/9 -am in o iso b u ty ric . - / / / / ■ / . /
T y ro s in e .................... / / / - / / / ./
T -am inobu ty ric . . . . / - / - / - -
P ro l in e .................. ■ / / / / / / / /
A lan in e ....................... / / / / / / / , /
3 - a la n in e .................. . /  . / / - / / /
E th an o lam in e .. . . . . . - - - - . / / / /
S a rc o s in e .................. - - - - — • - - -
T hreon ine .................. / / / / - / / /
G ly c in e ....................... / / / / / / / /  •
S e r in e ......................... / / / / / r r /
Glutamic a c i d . . . . . / / / / / / / /
A sp a rtic  a c id ......... / / / / / / / /
H ydroxpro line ......... - - - - / - - -
M ethionine
s u lfo x id e . . . . - - - - - - - -
C»
TABLE 3 -  Continued
Amino Acid R. M. T. Ç. H. C.(M.) C.
c e s t i c i l l u s exoansa a c tin o id e s n e rn le x a dim inu ta eieantetim nrocerum fim briatum
M ethionine
s u lfo n e . . . . - - - — - - —
C i t r u l l i n e ........... / / ? - /? / / / /
G lutam ine.............. / - - - / /?
A sparag ine........... - - - -  • - - - -
H istam ine .............. - - - - - _ -
1-M ethyl-
h i s t i d i n e . . - - - - - - -
H is t id in e .............. - / / / - / / / •
A rg in in e ................ - / - - / r . / /
L y sin e .................... - / / / / / / /
T a u rin e .................. / / / - / / / /?
O rn ith in e .............. - / / / — / /
C y stin e /C y ste in e - / / /  ^ - / / /
C yste ic  a c i d . . . . - - - - - - - -
TOTAL AMINO
ACIDS H 23 19 19 18 28 26 ..................................2A
MD
/  p resence  o f th e  amino a c id  
-  absence o f  th e  amino a c id  
? id e n t i t y  n o t confirm ed
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The amino a c id s  found f r e e  in  th e  ces to d e  t i s s u e  in v e s t ig a te d  a re  
l i s t e d  in  T able 2 . B e ta -p h en y la lan in e  and o rn i th in e  a re  ab sen t from Ç. 
fim briatum  w hile  th e y  a re  p re se n t in  th e  e x t r a c t  from G. (M.) giganteum  
and Ç. (M. ) nrocerum . T aurine  was n o t d e f in i t e l y  id e n t i f i e d  in  Ç. fim ­
b ria tum  and, i f  p re s e n t ,  occurs in  very  sm all q u a n t i t i e s ;  i t  was d e f i -  
/
n i t e l y  i d e n t i f i e d  in  th e  o th e r  two sp e c ie s . Gamma-aminobutyric a c id  i s  
ab sen t from Ç. fim briatum  and Ç. (M.) nrocerum . b u t i t  i s  p re s e n t in  G. 
(M. ) g iganteum . Ç. (M.) nrocerum . and G. (M.) giganteum  d i f f e r  f u r th e r  
in  th a t  g lu tam ine was n o t found in  th e  fo rm er, bu t i t  was t e n t a t i v e ly  
id e n t i f i e d  in  th e  l a t t e r .  . The th re e  sp e c ie s  were found to  have tw enty- 
th re e  amino a c id s  in  common.
The d a ta  show th a t  th e re  a re  q u a l i t a t iv e  in t e r p e c i f ic  d if fe re n c e s  
in  th e  f r e e  amino a c id  com position o f sp e c ie s  o f  G orallobo th rium . They 
seem, a ls o ,  to  in d ic a te  a c lo s e r  p h y lo g en e tic  r e la t io n s h ip  between G.
(M.) nrocerum  and G. (M.) giganteum  than  between G. fim briatum  and 
e i th e r  o f  th e  o th e r  two s p e c ie s , i f  i t  i s  assumed th a t  sm a lle r d i f f e r ­
ences occur between more c lo s e ly  r e la te d  o rgan ism s. The d a ta  h e lp  to  
j u s t i f y  th e  e s tab lish m en t o f th e  -Sub-genus M egathylacoides.
T able 3 summarizes th e  a v a i la b le  in fo rm atio n  on th e  f r e e  amino ac id  
com position o f  c e r ta in  c e s to d e s . The number o f amino ac id s  i s  th e  same 
fo r  c e r ta in  gen era , b u t th e  amino ac id s  a re  n o t i d e n t i c a l .  Of i n t e r e s t  
i s  th e  f a c t  th a t  M. exnansa c o n ta in s  th e  same number o f  amino a c id s  as 
does G. fim b ria tu m . b u t th e  amino ac id s  a re  n o t id e n t i c a l .  Thus, on th e  
b a s is  o f th e  in fo rm atio n  p re se n te d  i t  can be s a id  th a t  th e  complex o f 
f r e e  amino a c id  com position i s  d i s t i n c t  f o r  each o f  th e  organism s.
In  th e  f i n a l  e v a lu a tio n  o f th e se  d a ta  i t  should  be no ted  th a t  th e
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d a ta  from th e  p re se n t re s e a rc h  re p re s e n t  a more thorough se a rc h  f o r  f r e e  
amino a c id s  th an  th e  d a ta  from  a t  l e a s t  some o f th e  o th e r  works c i te d  
h e re . F u rth e r  re s e a rc h  m ight re v e a l  more amino a c id s  from th o se  organ­
ism s a lre a d y  in v e s t ig a te d .
Alpha-aminobutyric acid, tryptophan and ot-aminoisobutyric acid are 
reported for the first time from cestode tissue.
CHAPTER V
SUMMARY
The f r e e  amino a c id  and p ro te in  amino a c id  com position o f th re e  
sp e c ie s  o f  C orallobo thrium  has been d e term ined . The th re e  sp ec ie s  ana­
lyzed  w ere; G. (M.) g iganteum . G. (M.) nrocerum . and Ç. fim bria tum . 
p a r a s i t i c  in  th e  in t e s t i n e  o f  P y lo d ic tu s  o l i v a r i s . th e  f la th e a d  c a t f i s h ,  
I c ta lu r u s  l a c u s t r i s  p u n c ta tu s . th e  so u th ern  channel c a t f i s h ,  and 
I c ta lu r u s  f u r c a tu s . th e  b lu e  c a t f i s h .  The prim ary  purpose o f t h i s  r e ­
sea rch  i s  to  determ ine w hether th e se  an a ly se s  a re  o f  va lue  in  v a l id a t in g  
taxonomic a f f i n i t i e s .
The f r e e  amino a c id s  were se p a ra te d  from th e  p ro te in  f r a c t io n  w ith  
S0% e th a n o l. The p ro te in  f r a c t io n  was s u b je c te d  to  a lk a l in e  and a c id  
h y d ro ly s is .  Q u a li ta t iv e  d e te rm in a tio n s  o f th e  amino a c id s  was made by 
tw o-d im ensional paper chrom atography. L eucine , is o le u c in e ,  try p to p h an , 
v a l in e ,  m e th ion ine , < f-am ino isobu ty ric , ty r o s in e ,  p ro l in e ,  a la n in e , 
/^ -a la n in e , e thanolam ine, th re o n in e , g ly c in e , s e r in e ,  g lu tam ic a c id , 
a s p a r t ic  a c id ,  c i t r u l l i n e ,  h i s t i d in e ,  a rg in in e ,  ly s in e ,  ta u r in e ,  and 
c y s te in e /c y s t in e  were found in  th e  f r e e  amino a c id  f r a c t io n  o f  a l l  spe­
c ie s  in v e s t ig a te d .  In  a d d i tio n  to  th e s e ,  Ç. (M.) giganteum  and G. (M.) 
nrocerum  were found to  c o n ta in /^ -p h e n y la la n in e  and o rn i th in e .  G. (M.) 
giganteum  co n ta in ed , in  a d d i t io n ,  r -am in o b u ty ric  a c id  and what was
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t e n t a t i v e ly  id e n t i f i e d  as g lu tam in e . The p ro te in  amino a c id  com position  
o f  th e  th re e  sp e c ie s  was found to  be q u a l i t a t iv e ly  id e n t i c a l .  The p ro ­
t e i n  amino a c id s  id e n t i f i e d  were le u c in e ,  i s o l e u c in e , - p h e n y la l a n in e , 
g ly c in e , try p to p h an , v a l in e ,  m eth io n in e , ty ro s in e ,  p ro l in e ,  a la n in e ,  
th re o n in e , s e r in e ,  g lu tam ic  a c id ,  a s p a r t ic  a c id ,  h i s t i d in e ,  a rg in in e ,  
ly s in e ,  ta u r in e ,  and c y s te in e /c y s t in e .
These d a ta  in d ic a te  th a t  th e se  sp e c ie s  can be sep a ra te d  on th e   ̂
b a s is  o f  f r e e  amino a c id  c o n te n t.
A lpha-am inobutyric a c id , O t-am inoisobutyric a c id , and try p to p h an  a re  
re p o r te d  f o r  th e  f i r s t  tim e from ces to d e  t i s s u e .
LITERATURE CITED
A ld rich , D. V ., A. G. C handler, and J .  W. D augherty. 1954. In te rm ed ia ry
p ro te in  m etabolism  in  h e lm in th s. I I .  E f fe c ts  o f  h o s t c a s t r a t io n  
on amino a c id  metabolism, in  Hvmenolepis d im in u ta . Exp. P a r a s i t .
2: 173-184.
Awapara, J .  1948. A p p lic a tio n  o f paper chromatography to  th e  e s tim a tio n  
o f f r e e  amino a c id s  in  t i s s u e s .  A rch. Biochem. 1^: 172-173.
B erry , Helen K ., H. E. S u tto n , Louise Cain, and J .  S. B erry . 1951. Bio­
chem ical I n s t i t u t e  S tu d ie s  IV. I I .  Development o f paper chroma­
to g raphy  f o r  use in  th e  study  o f m etabo lic  p a t te r n s .  Univ. o f
Texas Publn . No. 5109 A ustin , T exas, pp . 23-57.
Block, R. J . ,  E. L. Durrum, and G. Zweig. 1958. A manual o f paper chro­
matography and p ap er e le c tro p h o re s is .  Ed. 2 . Academic P re s s , New 
York, N. Y.
B u zza ti-T rav e rso , A. A. 1953. Paper chrom atography p a t te rn s  o f  g e n e t i­
c a l ly  d i f f e r e n t  t i s s u e .  P roc. N at. Acad. S c i. 376-390.
B u zza ti-T rav e rso , A. A. I960 . Paper chrom atography in  r e l a t io n  to  ge­
n e t i c s .  pp . 95-123 . In  W alker, P . M. B. ( e d .) ;  New approaches in  
c e l l  b io lo g y . Academic P re s s , New York, N. Y.
Campbell, James W. I960 . N itrogen  and amino a c id  com position o f th re e
sp e c ie s  o f  an o p lo cep h a lid  ces to d e s; M oniezia expan'sa. Thysanosoma 
a c t in o id e s  and C i t to ta e n ia  p e rp le x a . Exp. P a r a s i t .  2* 1 -8 .
Cramer, F . 1955. Paper chrom atography. MacMillan and C o., L td . ,  London, 
England.
Essex, H. E. 1927. The s t r u c tu r e  and development o f G orallobo th rium . 
I l l i n o i s  B io l. Monogr. 11_ (3 ) : 1 -75 .
F o s te r ,  W. B. and J .  W. D augherty . 1959. E stab lishm en t and d i s t r ib u t io n  
o f R a l l i e t in a  c e s t i c i l l u s  in  th e  fow l and com parative s tu d ie s  on 
amino a c id  m etabolism  o f R. c e s t i c i l l u s  and Hvmenolepis d im in u ta . 
Exp. P a r a s i t .  8 . (4 ) :  413-426.
G oodchild, C. G. and 0 . Carolyn W ells. 1957. Amino ac id s  in  l a r v a l  and
24
25
a d u lt  tapeworms (Hvmenolepis d im inu ta) and in  th e  t i s s u e s  o f  t h e i r  
r a t  and b e e t le  h o s ts .  Exp. P a r a s i t .  6 . :  575-585.
Hausmann, W. 1952. Amino a c id  com position  o f  c r y s ta l l in e  in o rg a n ic
pyrophosphatase is o la te d  from  bakers y e a s t .  J .  Amer. Chem. Soc.
24: 3181-3182.
Ingram, 7 . M. and M. R. J . S a lto n . 1957. The a c t io n  o f  f lu o r o d in i t r o -  
benzene on b a c t e r i a l  c e l l  w a l ls .  Biochem. B iophys. A cta. 2A:
9-14.
Jones, A. W., C layton  K erley , and Kermit E. Sneed. 1956. New sp e c ie s  
and a new subgenus o f  G orallobothrium  (C estoda, P ro teocephala) 
from c a t f is h e s  o f  th e  M is s is s ip p i B asin . J .  Term. Acad. S c i. 21 
(3) :  179-185.
Kent, H. N. 1947. E tudes biochim iques su r  le s  p ro té in e s  des M oniezia
p a r a s i t i t e s  in te s t in a u x  du mouton. B u ll. Soc. N euchâtel S c i.  Nat. 
70: 85-108.
Kent, H. N, 1948. E x isten ce  de s e l s  b i l i a r i e s  e t  de c è ré b ro s id e s  a s s o c ia s  
â des p ro té in e s  chez M oniezia expansa. E xperim en tia . 4* 1-4»
Kent, H. N. 1957. B iochem ical s tu d ie s  o f  th e  p ro te in s  o f  Hvmenolepis 
d im in u ta . Exp. P a r a s i t .  6. 351-357.
Levy, A. L. and D. Chung. 1953. Two-dimensional chrom atography o f  amino 
a c id s  on b u ffe re d  p ap e rs . A naly t. Chem. 2^: 396-399.
Micks, D. W. and J .  P. E l l i s .  1951. Free amino a c id s  in  a d u l t  m osqu itoes. 
P roc. Soc. E x p tl. B io l. Med. 78; 69-72.
P a r tr id g e , S. M. 1948. F i l t e r - p a p e r  p a r t i t i o n  chrom atography o f  su g a rs .
I .  G eneral d e s c r ip t io n  and a p p l ic a t io n  to  th e  q u a l i t a t iv e  a n a ly s is  
o f  su g ars  in  app le  ju ic e ,  egg w hite  and f o e ta l  b lood o f  sheep . 
Biochem. J .  238-248.
W illiam s, R. J .  and H elen K irby. 1948. Paper chromatography u s in g  cap­
i l l a r y  a s c e n t .  Science. 107; 481-483.
